Abstract: Eighty six species of Odonata are recorded from the middle and lower reaches of the Red River basin. Archineura hetaerinoides is recorded from China for the first time. Five genera and five species are new to Yunnan Province. Among the six types of odonate habitats, forest streams have the highest species diversity whereas ponds have the most species shared with other habitats. Both of these two habitats are important in biodiversity conservation and need urgent protection.
Introduction
The middle and lower reaches of the Red River basin is located in one of the biodiversity hotspots of the world, the Indo-Burma Hotspot, and is significant in biodiversity conservation (the IUCN Indo-Burma Freshwater Biodiversity Workshop in 2011). With plenty of river branches, complex terrain, diverse vegetation types, and distinct vertical differentiation, this area houses a huge number of dragonflies. Odonates occupy both aquatic and terrestrial habitats and sensitive to different environment factors, therefore, they are commonly treated as good bioindicators (Springate-Baginski et al. 2009 ). Recently, largescale environment assessments, using relatively complete odonate biodiversity data, have been carried out (Clausnitzer et al. 2009; Riservato et al. 2009 ). Thus detailed biodiversity information is indispensable not only to conservation but also to environment assessment. However, up to now, no odonate diversity survey has been done for the Red River basin. According to data getting from field works between years 2006 to 2010, the present study provides detailed Odonata biodiversity information of the middle and lower reaches of the Red River basin.
Material and methods

About the Red River basin
The Red River originates in Maocaoshao, Weishan, Yunnan, running from northwest to southeast, passing through Weishan, Nanjian, Shuangbai, Xinping, Yuanjiang, Honghe, Shiping, Jianshui, Yuanyang, Gejiu, Jinping, Pingbian, and Hekou, before flowing into Vietnam. The total length within China is 690 km with a fall of 2510 m (Xie 2002). The middle and lower reaches of the Red River basin (102°25'-103°57'E, 22°26'-23°22'N), 210 km from east to west and 70 km from south to north, lies in the low altitude plateau of western Yunnan, and connects to the Hengduan and Ailao Mountains. Xilong Mountain, the peak of this area, has an altitude about 3074 m, whereas the lowest point where the Nanxi River joins the Red River has an altitude of only 76 m. Below 500 m the vegetation is moist rain forest, from 500-900 m is montane rain forest, 1400-1800 m is tropical monsoon evergreen broad-leaved forest, 1800-2600 m is montane mossy evergreen broad-leaf forest, and above 2600 m is summit mossy dwarf forest (Jiang 1980) .
Survey
During year 2006 to 2010, from March to August, 2-3 days of field survey was conducted each month. Sampled places include: low altitude riparian areas Honghe (Daheigong), Jianshui (Atu), Yuanyang (Nansha, Wubang, Lanyamen), Gejiu (Abang, Lushuihe), and middle to high altitude areas Gejiu (Yangjiatian Reservoir, Wugushao, Tabai), Jinping (Adebo, Maandi). Specimens were collected with a sweep net. Field photos were taken by a Nikon D90 camera. Specimens were first dipped in acetone for 4-8 hours then dried and stored into hyaline plastic bags. All studied specimens are deposited in the Institute of Entomology, College of Life Sciences, Nankai University.
Habitat classification
Odonate habitats were divided into six types according to water style (lotic or lentic), altitude, and other features. Type I (ponds): Small area habitats (no more than 10×10 m 2 ) at low altitudes, rich in emergent aquatic plants, common to most sample locations. Type II (paddy fields): The largest number of habitats as well as the most serious affected by human activities, dried and plowed several times each year. Type III (reservoir): Large areas of lentic water in mountains, all higher than 1300 m, water level fluctuating a little in a year. Type IV (river): Altitude between 100-500 m, high speed running water, usually muddy, yellowish or reddish color in rainy season. No emergent aquatic plants except some low bushes along the sides, including reaches of the Red River in Honghe, Yuanyang, and Hekou, and some branches. Type V (forest stream): Clean water with trees and bushes along both sides, altitude between 200-1000 m (Fig. 1) , including Jianshui (Atu), Yuanyang (Nansha and Lanyamen), Gejiu (Abang, Manhao and Lushuihe) Type VI (montane stream): Very clean water, covered by trees and bushes, altitude between 1300-1700 m, usually at headwater area (Fig. 2) .
Abbreviations: C-Common; DD-Data Deficient; O-Occasional; R-Rare; NC-New record for China; NY-New record for Yunnan. 
Results
Species list
A total of 86 odonate species, belonging to two suborders, 16 families, and 57 genera are recorded (Table 1) . Archineura hetaerinoides (Fraser, 1933) 
Species diversity in habitats
Species diversity in each habitat has been shown in Figs. 15-16. Paddy fields (Type II) are usually near to rivers (Type IV). However species occurring in these two habitats are seldom overlapped to each other. For example, Ictinogomphus pertinax is only found patrolling around paddy fields and ponds but never flying into rivers nearby. Meanwhile, 12 paddy fields species as well as 7 reservoirs (Type III) species are also found in ponds (Type I). Rivers, forest streams (Type V), and montane streams (Type VI) have all their species exclusively, i.e. never been found in other habitats. 
Discussion
Archineura hetaerinoides, a charming and cryptic calopterygid damselfly, is formally reported to occur in China for the first time (Fig. 4) which is known limited to Laos and Vietnam before (Karube 2002) . Some other uncommon species are also distributed in this area, such as Devadatta ducatrix (Fig. 3) , Mnais gregoryi (Fig. 5) , etc. The high species diversity (relative to the area of the basin) and the presence of many rare species indicate that the middle and lower reaches of the Red River basin is a real paradise for dragonflies. Some
Species numbers
Species numbers Habitat types
Habitat types species treated as undetermined species ('sp.') presently need further researches when complementary specimens are available.
Generally, low altitude areas have more species than middle and high altitude. Fortyeight species occurs below 500 m with 34 of them are limited to this scope. Thirty three species occurring between 1300-1700 m and 20 of them are restricted to this scope. Lotic waters own more species (51 species) than lentic (34 species) waters. Therefore, forest streams have the largest species diversity and the most exclusive species. Ponds also have distinct high species diversity, sharing a large number of species with other habitat types (paddy fields and reservoirs). To some degree ponds can be the 'refuges' for species in paddy fields and reservoirs which are intensively affected by human activities.
Many little hydropower stations are in building now in the middle and lower reaches of the Red River basin, which may considerably change the local water environment, especially in low altitude areas. Habitats of dragonflies may suffer from severe damage. Emergency measures should be taken to protect these habitats, especially for forest streams and ponds. Little ponds are quite easy to be neglected and destroyed by human activities since they are small in size and usually treated as inessential to both biodiversity conservation and agriculture.
